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6R IDU VRPH LQYHVWLJDWLRQV KDYH EHHQ FRQGXFWHG RQ WKH KHDW UHVSRQVH RI FRPSUHVVHG K\GURJHQ JDV &+*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F\OLQGHUV VXEMHFWHG WR ORFDOL]HG ILUH 7DPXUD HW DO >@ FDUULHG RXW ORFDOL]HG ILUH WHVW WR VWXG\ WHPSHUDWXUH DQG
SUHVVXUHULVHVRIWKH&+*F\OLQGHUDQGWKHLQIOXHQFHIDFWRURI35'DFWLYDWLRQWLPH=KHQJHWDO>@FRQGXFWHG
ILUH WHVW WRREWDLQ WKHKHDW UHVSRQVHRI WKH&+*F\OLQGHU LQ ORFDOL]HGDQGHQJXOILQJ ILUHFRQGLWLRQDQGHPSOR\HG
QXPHULFDOPHWKRGWRDQDO\]HWKHHIIHFWVRIIODPHVL]HDQGILOOLQJPHGLXPRQWKHWHPSHUDWXUHDQGSUHVVXUHULVHRIWKH
F\OLQGHU +RZHYHU WKHUH DUH IHZ VWXGLHV UHODWHG WR WKH KHDW UHVSRQVH RI FRPSRVLWH &1* F\OLQGHUV VXEMHFWHG WR
ORFDOL]HGILUH
6WUHVVYDULDWLRQDQGGLVWULEXWLRQRIFRPSRVLWH&1*F\OLQGHUVLVWKHNH\IDFWRURIF\OLQGHUIDLOXUH$WSUHVHQWD
IHZ VWXGLHV RQ WKH VWUHVV DQDO\VLV RI F\OLQGHUV H[SRVHG WR KHDW VRXUFH KDYH EHHQ FDUULHG RXW 6D\PDQ HW DO >@
VWXGLHG VWUHVVYDULDWLRQRI FRPSRVLWH F\OLQGHUVXQGHUK\JURWKHUPDO ORDGLQJ$NFD\HW DO >@SUHGLFWHG IDLOXUHRI
FRPSRVLWH F\OLQGHUV XQGHU WKHUPRPHFKDQLFDO ORDGLQJ +RZHYHU WKHVH LQYHVWLJDWLRQV GLG QRW FRQVLGHU WKH
PHFKDQLFDOSURSHUW\GHJUDGDWLRQRIF\OLQGHUPDWHULDOV+XHWDO >@ VWXGLHG WKHUPDOGDPDJHRIFRPSRVLWH&+*
F\OLQGHUV VXEMHFWHG WR ORFDOL]HG IODPH EDVHG RQ D ' D[LV\PPHWULF ILQLWH HOHPHQWPRGHO DQG WKH DVVXPSWLRQ RI
VWHDG\KHDWIOX[LQVWHDGRIIODPHLPSLQJHPHQW
,QWKLVSDSHUDFRPSUHKHQVLYHPRGHOLVGHYHORSHGWRVWXG\WKHKHDWDQGPHFKDQLFDOUHVSRQVHRIFRPSRVLWH&1*
F\OLQGHUV XQGHU ORFDOL]HG ILUH H[SRVXUH /RFDOL]HG ILUH LPSLQJHPHQW RQ WKH F\OLQGHU LV VLPXODWHG E\ D WKUHH
GLPHQVLRQDO FRPSXWDWLRQDO IOXLG G\QDPLFV &)' VXEPRGHO WR REWDLQ KHDW UHVSRQVH GDWD 7KHUPRSK\VLFDO DQG
PHFKDQLFDOSURSHUW\GHJUDGDWLRQRIF\OLQGHU¶VDOXPLQXPOLQHUDQGFDUERQILEHUHSR[\FRPSRVLWHODPLQDWHVFDXVHG





2.1. Basic assumptions 
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2.2. Governing equations 
7KHVLPXODWLRQRIORFDOL]HGILUHLPSLQJHPHQWRQWKHF\OLQGHULQFOXGHVWKHFDOFXODWLRQRIWXUEXOHQFHFRPEXVWLRQ
DQG KHDW WUDQVIHU %HVLGHV WKH EDVLF PDVV PRPHQWXP DQG HQHUJ\ FRQVHUYDWLRQ WKH FDOFXODWLRQ RI WXUEXOHQFH
FRPEXVWLRQDQGKHDWWUDQVIHULQWKHVXEPRGHOLVLPSOHPHQWHGE\WKHIROORZLQJJRYHUQLQJHTXDWLRQV
%DVHG RQ WKH %RXVVVLQHVT DVVXPSWLRQ WKH NH\ IDFWRU IRU WXUEXOHQFH FDOFXODWLRQ LV WR FRQILUP WKH WXUEXOHQFH
YLVFRVLW\ tP ZKLFKFDQEHREWDLQHGXVLQJ5HQRUPDOL]DWLRQJURXS k H WXUEXOHQFHHTXDWLRQ
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ZKHUH kG PHDQVWKHSURGXFWLRQRIWXUEXOHQFHNLQHWLFHQHUJ\ MY LVWKHFRQWULEXWLRQRIWKHIOXFWXDWLQJGLODWDWLRQLQ
FRPSUHVVLEOHWXUEXOHQFHWRWKHRYHUDOOGLVVLSDWLRQUDWH kD  HD  C H DQG C H DUHFRQVWDQWV kD  HD   C H  
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ZKHUH i mD LVWKHGLIIXVLRQFRHIILFLHQWIRUVSHFLHV i LQWKHPL[WXUHDQG tSc LVWKHWXUEXOHQW6FKPLGWQXPEHU
6LQJOHVWHS JOREDO IRUZDUG UHDFWLRQ LV DGRSWHG WR VLPXODWH WKH FRPEXVWLRQ RI /3*ZLWK DLU DQG WKH WKHUPDO
UHDFWLRQFDQEHH[SUHVVHGDV
    & + 2 &2 + 2o   
&KHPLFDO UHDFWLRQUDWH LQ WXUEXOHQWFRPEXVWLRQFDQEHFRPSXWHGE\HGG\GLVVLSDWLRQHTXDWLRQ7KHQHW UDWHRI
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ZKHUH RY LV WKHPDVV IUDFWLRQ RI D SDUWLFXODU UHDFWDQW R  pY LV WKHPDVV IUDFWLRQ RI DQ\ SURGXFW VSHFLHV P  DQG
w iM LVWKHPROHFXODUZHLJKWRIVSHFLHV i  A DQG B DUHHPSLULFDOFRQVWDQWV A  DQG B  
7KHHQHUJ\HTXDWLRQRIKHDWWUDQVIHULQWKHF\OLQGHUZDOOLVZULWWHQDV
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1DWLRQDO ,QVWLWXWHRI6WDQGDUGVDQG7HFKQRORJ\ 1,67GDWDEDVH LQFOXGHV UHDOJDVHTXDWLRQVRI VWDWH IRUPHWKDQH
>@7KXV1,67GDWDEDVHLVXVHGIRUWKHDQDO\VLVRILQWHUQDO&1*KHDWUHVSRQVHLQWKHVXEPRGHO
0RGHOLQJRI0DWHULDOGHJUDGDWLRQFDXVHGE\ILUH
3.1. Aluminum liner 
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
)LJ6WUHVVVWUDLQFXUYHRI7DWGLIIHUHQWWHPSHUDWXUH
6HFRQGO\ WKHSURRIVWUHQJWKRIQRQSURSRUWLRQDOH[WHQVLRQDOVRGHFUHDVHVZLWK WHPSHUDWXUHULVH7KHUHIRUH WKH
VWUHVVVWUDLQ UHODWLRQVKLS XQGHU GLIIHUHQW WHPSHUDWXUH VKRXOG EH GHILQHG IRU WKH QRQOLQHDU PHFKDQLFDO UHVSRQVH
DQDO\VLV%LOLQHDULVRWURSLF%,62PRGHOLVXVHGIRUWKHGHILQLWLRQLQWKH)($VXEPRGHODVVKRZQLQ)LJ
7KLUGO\ WKHUPDO H[SDQVLRQ FRHIILFLHQW LV DOVR D VLJQLILFDQW SDUDPHWHU IRU WKH WKHUPDO VWUHVV FDXVHGE\ XQHYHQ
WHPSHUDWXUH GLVWULEXWLRQ RI OLQHU 7KH YDULDWLRQ RI WKHUPDO H[SDQVLRQ FRHIILFLHQW RI 7 ZLWK WHPSHUDWXUH
LQFUHDVLQJLVVKRZQLQ)LJ7KHFRHIILFLHQWYDULDWLRQLVVOLJKWGXULQJWKHWHPSHUDWXUHRIa.+RZHYHUWKH






3.2. Carbon fiber/epoxy composite laminates 








WUDQVLWLRQLV WKHPRVW LPSRUWDQWFKDUDFWHULVWLFRIFRPSRVLWHVZLWKWHPSHUDWXUHULVH7KHYDU\LQJSDWWHUQRI WKHUPDO
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ZKHUH  P T LV WHPSHUDWXUHGHSHQGHQWPDWHULDOSURSHUW\ UP DQG RP DUHXQUHOD[HGDQG UHOD[HGYDOXHVRIPDWHULDO
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7KH YDULDWLRQ RI WKHUPDO H[SDQVLRQ FRHIILFLHQW RI FDUERQ ILEHUHSR[\ FRPSRVLWHVZLWK WHPSHUDWXUH LQFUHDVH LV
VKRZQ LQ)LJ7HPSHUDWXUHKDV VLJQLILFDQW HIIHFW RQ WKH WKHUPDO H[SDQVLRQ FRHIILFLHQWZKLFK LQFUHDVHV UDSLGO\
ZKHQWKHWHPSHUDWXUHLVKLJKHUWKDQ.,QDGGLWLRQWKH3RLVVRQ¶VUDWLRVRIFRPSRVLWHVDUHDOVRVOLJKWO\DIIHFWHG
E\WHPSHUDWXUHFKDQJHDQGWKXVDUHVHWDVFRQVWDQWV xyX  
DQG yz xzX X  >@7KXVWKHWKHUPRSK\VLFDO
SDUDPHWHU YDULDWLRQ DQGPHFKDQLFDO GHJUDGDWLRQ RI FDUERQ ILEHUHSR[\ FRPSRVLWHV FDXVHG E\ ILUH FDQ EH FOHDUO\
GHVFULEHGLQWKH&)'DQG)($VXEPRGHOVUHVSHFWLYHO\
1RQOLQHDUVWUHVVDQDO\VLV
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ZKHUH zV LV D[LDO VWUHVV zTW LV VKHDU VWUHVVm  n DQG b DUH VWLIIQHVV FRHIILFLHQWV zH  TH  rH DQG zTJ DUH D[LDO
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ZKHUH zu  ru DQGuT DUHD[LDOUDGLDODQGKRRSGLVSODFHPHQWVUHVSHFWLYHO\ H DQG J DUHFRQVWDQWV
%DVHGRQWKH%,62PRGHOGHVFULELQJWKHVWUHVVVWUDLQUHODWLRQVKLS ru  TH DQG rH FDQEHREWDLQHGIURP(TV
DQGFDQEHH[SUHVVHGDV
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VV V    
7KHUDGLDOVWUHVVRIOLQHUFDQEHFDOFXODWHGE\












4.2. Stress analysis of composite laminates 
$V FDUERQ ILEHUHSR[\ FRPSRVLWH LV D W\SLFDO W\SH RI RUWKRWURSLFPDWHULDO LWV VWUHVVVWUDLQ UHODWLRQVKLS FDQ EH
GHVFULEHGDV>@
    
    
   





C C C C
C C C C
T
C C C C







ª ºª º ª º ª º« »« » « » « »« »« » « » « »  '« »« » « » « »« »« » « » « »« »« » « » « »¬ ¼ ¬ ¼ ¬ ¼¬ ¼
 
1434   K.S. Ou et al. /  Procedia Engineering  130 ( 2015 )  1425 – 1440 
ZKHUHWKHV\PEROV     ijC i j  DUHRIID[LVVWLIIQHVVFRHIILFLHQWV
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ZKHUH  iE i  LVHODVWLFPRGXOXVDQG  ij ijX  LV3RLVVRQ¶VUDWLR
7KHRQD[LVVWLIIQHVVPDWUL[C RIWKH k OD\HUFDQEHGHVFULEHGDV
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
%\LQWURGXFLQJDVWLIIQHVVWUDQVIRUPDWLRQPDWUL[  sT I WKHRIID[LVVWLIIQHVVFRHIILFLHQWFDQEHGHVFULEHGDV
    Ts sC T CTI I   
ZKHUHT LVDWUDQVSRVHGPDWUL[DQG 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 sTV V   
0RUHRYHURIID[LVWKHUPDOH[SDQVLRQFRHIILFLHQW     ki iK  RIWKH k OD\HUFDQEHREWDLQHGE\
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
3DUWLDOYLHZRIWKHJULGVWUXFWXUHLVSORWWHGLQ)LJD$IWHUFKHFNLQJWKHJULGVHQVLWLYLW\WKHWRWDOJULGQXPEHU
RI WKHZKROH FDOFXODWLRQ UHJLRQ LV GHWHUPLQHG WR EH  7KH 6,03/( DOJRULWKP LV DSSOLHG IRU WKH FRXSOHG
VROYLQJ RI SUHVVXUH DQG YHORFLW\ ILHOG XQGHU WKH XQVWHDG\ JRYHUQLQJ FRQGLWLRQV &RXSOHG ZDOO LV XVHG LQ WKH
VLPXODWLRQRIWKHZKROHORFDOL]HGILUHLPSLQJHPHQWSURFHVV





DV WKH VDPH DV WKDW LQ WKH &)' VXEPRGHO LQ RUGHU WR UHDOL]H GDWD H[FKDQJH 6HFRQGO\ GLIIHUHQFH RI PHVK
GLVFUHWL]DWLRQ FDQ EH RYHUFRPH DFFRUGLQJ WR WKH XVH RI VXUIDFH HIIHFW HOHPHQWV DQG JULG QRGH LQWHUSRODWLRQ 7KH
KH[DKHGUDOVWUXFWXUHGJULGLVDGRSWHGWRPHVKWKHF\OLQGHUXVLQJWKH'WKHUPDOHOHPHQW6ROLG7KHUHDUHWRWDO
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5HVXOWVDQGGLVFXVVLRQ
6.1. Heat response of composite cylinder 




'XULQJ WKH ORFDOL]HG ILUH WKH SUHVVXUH DQG DYHUDJH WHPSHUDWXUH RI LQWHUQDO &1* ULVH VORZO\ GXH WR WKH ORZ







LV XQHYHQ DURXQG WKH FLUFXPIHUHQWLDO DQG D[LDO GLUHFWLRQV GXULQJ WKH ORFDOL]HG ILUH0RUHRYHU WKH WHPSHUDWXUH RI


















H[SRVXUH WLPH EHWZHHQ WKH &)' DQDO\VLV DQG FRXSOLQJ WUDQVIHU UHVXOWV LV VKRZQ LQ )LJ  7KH GLIIHUHQFH RI
PD[LPXP WHPSHUDWXUH LV RQO\  7KH DERYH FRPSDULVRQ LQGLFDWHV WKH KLJK DFFXUDF\ RI WKHUPRPHFKDQLFDO
ORDGLQJWUDQVIHU
6.2. Mechanical response of composite cylinder 
$FFRUGLQJ WR WKHPDWHULDOGHJUDGDWLRQGDWDDQG WUDQVIHUUHG WKHUPRPHFKDQLFDO ORDGLQJ WKHVWUHVVYDULDWLRQDQG
GLVWULEXWLRQRI WKH F\OLQGHU FDQEHREWDLQHG WKURXJK WKH FDOFXODWLRQRI)($VXEPRGHO7KHPHFKDQLFDO UHVSRQVH
FXUYHRIWKHF\OLQGHUVXEMHFWHGWRORFDOL]HGILUHLVSORWWHGLQ)LJZKLFKVKRZVWKHPD[LPXP9RQ0LVHVVWUHVV
DQG PD[LPXP UDGLDO GLVSODFHPHQW YDULDWLRQ RI WKH F\OLQGHU DW GLIIHUHQW H[SRVXUH WLPH 7KH VWUHVV DQG UDGLDO
GLVSODFHPHQW LQFUHDVH ZLWK WKH ULVH RI SUHVVXUH ORDGLQJ DQG WHPSHUDWXUH RI F\OLQGHU ZDOO DORQJ ORFDOL]HG IODPH
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UHVSRQVH GDWD FRXSOLQJ WUDQVIHU EHWZHHQ &)' VXEPRGHO DQG )($ VXEPRGHO LV UHDOL]HG WR DFFXUDWHO\ REWDLQ
WKHUPRPHFKDQLFDOORDGLQJIRUPHFKDQLFDODQDO\VLVDQGWKHHUURURIGDWDWUDQVIHULVRQO\)LQDOO\EDVHGRQWKH
PRGHOLQJRIDW\SLFDOFRPSRVLWH&1*F\OLQGHUQXPHULFDOUHVXOWVDUHVKRZQDVIROORZV
 3UHVVXUHDQGDYHUDJH WHPSHUDWXUH ULVH UDWHVRI LQWHUQDO&1*DUHRQO\03DVDQG.V UHVSHFWLYHO\
7HPSHUDWXUHGLVWULEXWLRQRILQWHUQDO&1*DQGF\OLQGHU¶VRXWVLGHVXUIDFHLVXQHYHQGXULQJWKHORFDOL]HGILUH
 7KH LQFUHDVLQJ UDWHRI VWUHVV DQG UDGLDO GLVSODFHPHQWRI WKH F\OLQGHUEHFRPHVKLJKHU DORQJ WKH ILUH H[SRVXUH
WLPH
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